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Thus, in the reported pentazolate salt, the question becomes whether the purported cyclo-N 5 -is actually protonated. Recently, Steele et al. (2) reported that the crystal of pentazole HN 5 discovered using first-principles evolutionary search at high pressures is thermodynamically stable, so HN 5 may also exist in the pentazolate salt. Because the position of the H atom is difficult to confirm by single-crystal XRD methods, we performed theoretical calculations for all the relevant species as an aid to ascertaining the H atom position in the reported pentazolate salt.
All computations were performed with the Gaussian 09 D.01 program (3) . Density functional theory calculations were carried out using the B3LYP (4, 5), wB97X-D (6), and M06-2X (7) methods in combination with the 6-311++G(d,p) (8) basis set and the very large aug-cc-pVQZ (9, 10) basis set for H, O, and N atoms, respectively. For all the species explored here, the initial geometries were further optimized and were followed via frequency analysis to confirm minimum energy structures. The vibrationally stable cyclo-N 5 -ion possesses D 5h symmetry at different levels, in distinct contrast to that of the cyclo-N 5 -ion (C 2v symmetry) in the reported pentazolate salt. However, the experimental C 2v symmetry of the cyclo-N 5 -ion coincides with that of HN 5 (C 2v symmetry) obtained at different levels. This indicates the possible formation of HN 5 during the reaction process.
To illustrate that HN 5 can exist in the reported pentazolate salt, we obtained the molecular electrostatic potentials V(r) and average local ionization energies Ī(r) on the molecular surfaces encompassing cyclo-N 5
-and H 2 O by means of the Multiwfn program (11) . Figure 1A presents the distribution of the local minima values, V S,min (r) and Ī S,min (r), on the van der Waals surface of cyclo-N 5
-and H 2 O, which are the electrophilic reactive positions. V S,min (r) and Ī S,min (r) Fig. 2A ), which were taken from the crystal structure of the reported pentazolate salt. The optimized stable structure of the ion pair N 5 -⋅⋅⋅H 3 O + was also obtained, as shown in Fig. 2 . We obtained new species in which the proton was bonded to the nitrogen atom of cyclo-N 5 -, namely the hydrogen-bonding dimer HN 5 ⋅⋅⋅H 2 O (Fig. 2B) . In addition, the figure presents a continuous decrease in the energy for the species studied, which occurs as a result of the PT from . As a result, besides enough energy for the PT process, there can be extra energy for release, so it is easy for PT to occur in the ion pair studied. The above analysis further indicates that the HN 5 can exist in the reported pentazolate salt via PT. 
